Year of hospital separation Rate per 100 000 population Immunisation coverage estimates for NSW from 1989 to 1995 were available from several published sources. [8] [9] [10] From 1997 to 2002, coverage for NSW was calculated from Australian Childhood Immunisation Register (ACIR) data, maintained by the Health Insurance Commission and published annually in Communicable Disease Intelligence. Coverage was calculated for three-month cohorts of children aged 12 months. Coverage was adjusted upwards by 2.7 per cent to correct for under-reporting, using estimates from a recent study.
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Statistical methods
For analysis by age, records were grouped according to critical ages for expected acquisition of vaccine-induced immunity. These ages corresponded to the time of scheduled vaccine doses for diphtheria-tetanus-pertussis (DTP) vaccine: 0-2 months (0-1 dose); 3-4 months (1-2 doses); 5-6 months (2-3 doses); 7-11 months (3 doses); 1-4 years (3-5 doses); 5-9 years (1-5 years after last dose); 10-14 years (5-9 years after last dose) and 15 years and over (10 or more years after last dose). Notification and hospitalisation rates were calculated using ABS midyear estimated residential populations as rates per 100,000.
Linear regression was used to test for the significance of trends over time and to estimate their magnitude. Models included the monthly notification or separation rate per 100,000 population as the dependent variable, and the month of onset or separation as the independent variable. Given that epidemics occur in cycles every three to four years, the likelihood of detecting trends over time is influenced by the stages of the cycle in the first and last years included in the analysis. Notifications from 1992-1993 were excluded from this analysis, so that the period included in the model would begin and end at the same stage of the epidemic cycle, including three epidemic periods (1993-1994, 1997-1998, and 2000-2001) . Analysis was carried out in SAS 8.2.
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RESULTS
Descriptive analysis
Overall hospital separation and notification rates Figure 1 shows the separation rate per 100,000 total population and Figure 2 shows the annual notification rates per 100,000 population (using different scales). Separation data are shown for all available consecutive years (from 1988-1989 to 2000-2001) . Notification data are shown only from 1992, as this was the first complete year of mandatory laboratory notification. Separation data cover four epidemic periods (1989-1990, 1993-1994, 1997-1998, and 2000-2001) , while notification data include only the last three periods. Notification and hospitalisation rates reach epidemic peaks at similar times. However, the height of successive epidemic peaks for separations became progressively lower with each epidemic, while the peak notification rate progressively increased. 
Vaccine coverage
Coverage estimates for diphtheria-tetanus-pertussis (DTP) vaccine are displayed in Figure 3 . The first data point shown, for 1988-1989, is derived from the 1989-1990 ABS survey, which estimated that 70 per cent of NSW children aged 0-6 years were fully immunised for pertussis. 8 The second data point shown, for 1991-1992, is derived from a 1992 cross-sectional survey of NSW residents. This household survey, primarily designed to validate child health records, found an even lower estimated coverage of 62 per cent for the primary course of three doses in children aged 7-24 months. 9 By the time of the 1995 ABS survey, shown as the third data point, 87 per cent of NSW children aged one year were estimated to be fully immunised for DTP. 10 Coverage data from the ACIR for DTP for children aged 12-24 months were significantly under-reported in the early period of operation of the ACIR, 11 such that initial reported coverage of 77 per cent was lower (almost certainly falsely lower) than the 1995 ABS estimates. Overall, coverage for three doses of pertussis vaccine, according to the ACIR, and adjusted for under-reporting, increased from 79 per cent in 1997 to 94 per cent in 2001. 
Age-specific hospital separation and notification rates
In Figure 4 , separation rates are shown divided into four age groups to show the trends over time in those under one year of age. The most striking change in Figure 4 is the downward trend in separation rates among infants aged 5-6 months. This trend is progressively evident from 1994-1995 when it coincides with improved vaccine coverage in infancy, 10 subsequently remaining constant with the introduction of acellular vaccines, shown in Figure  3 . There is a less marked but perceptible fall in separation rates among 7-11-month-old infants. In contrast, no change is seen in separation rates for infants 0-2 months of age, while a minor decrease is seen in those aged 3-4 months.
Deaths
Recorded deaths from pertussis are shown in Table 1 . In the first time period (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (Table 1) . There have been no deaths reported in the age group five months or older since 1984.
Linear regression modelling
The analysis of trends in monthly pertussis separation and notification rates by age-group, using linear regression modelling, is summarised in Table 2 . For all ages combined, modelling detected no statistically significant increasing or decreasing trend in monthly separation rates over the three years from July 1988 to June 2001. In contrast, notification rates increased significantly. The rate of increase in monthly notification rates in Table 2 corresponds to a total increase of 170 per cent between July 1994 and June 2002, which is in keeping with the trends shown in Figure 2 .
When analysed by smaller age groups, there was no significant increase or decrease in separation rates for those infants aged between 0-4 months, although there was an increase in notification rates for 0-2-month-old infants, which was almost significant at the P<0.05 level. In contrast, there was a significant decrease in separation rates in the four age groups (5-6 months, 7-11 months, 1-4 years, and 5-9 years) between five months and nine years, but no significant decrease in notifications in those age groups. In the 10-14 year age group, despite a large and highly significant increase in notifications, there was no increase in separation rates. In contrast to the 10-14 year age group, a significant increase was detected among those aged over 15 years for both separations and notifications.
DISCUSSION
Hospitalisation and notification data give very different pictures of pertussis epidemiology, 3 as the former is heavily weighted towards infants under the age of 12 months and cases of severe disease. 4, 7 Overall, the hospitalisation rate in NSW did not increase over the past 13 years, while the notification rate increased substantially after 1992. When examined by age, those age groups with the highest levels of coverage (five months to nine years) showed a decreased rate of hospitalisation during that period, in contrast to notifications, where there was no significant decrease in any age group. However, in adults (over the age of 15 years) both hospitalisation and notification data showed significant increases, suggesting that the observed increase in notifications in this age group reflected a real increase in underlying incidence and not simply increased detection from diagnostic testing. 2 During the mid-to-late 1990s, a series of immunisation initiatives were introduced in Australia, which were intended to decrease the incidence of, and morbidity from, pertussis and other vaccine-preventable diseases ( Figure 3) . 1, 11 In 1994, a fifth dose of DTP at 4-5 years of age was introduced into the recommended schedule. This extra dose was intended to reduce pertussis transmission in school-aged children. In 1997, DTP with an acellular pertussis component (DTPa) was recommended for the fourth and fifth doses. The aim was to increase the acceptability of the vaccine to parents by reducing its reactogenicity, thus leading to improved coverage. In 1999, DTPa was made available for all scheduled doses. 1 In addition, from 1998, three new initiatives, the General Practice Immunisation Incentive, and linkage of full immunisation to the Maternity Immunisation Allowance and the Child Care Benefit, were introduced with the aim of improving coverage for all vaccines. Linkage to the receipt of the Maternity Immunisation Allowance and the Child Care Benefit has been shown to have a positive impact on parents' decisions to immunise their children.
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Although the available data on vaccination coverage used in this article came from various sources using different methodology and measures, they still provide evidence of a considerable increase in coverage as a consequence of those initiatives.
There has been relatively little change in methods of treatment or management of pertussis over the past 15 years that is likely to affect the number of recorded separations. 3, 7 It is likely that the reduction in hospitalisation rates seen in those aged five months to nine years is related to improvements in vaccination coverage. In contrast, the substantial and increasing proportion of pertussis notifications in children over nine years of age is likely to relate to the increasing availability of serological diagnosis. This increase, together with mandatory laboratory reporting of notifiable diseases, may explain changes in notifications among this age group. However, the proportion of pertussis separations that were aged 15 or more years also increased, from two per cent in 1988-1989 to 12 per cent in 2000-2001. Separations coded as pertussis represent more serious cases, where there is likely to be greater clinical evidence of pertussis. This increase is thus likely to be less biased by improvements in diagnosis, suggesting a real increase in incidence in adults. In contrast, among those too young to have received more than two doses of pertussis vaccine (less than five months of age) there was no evidence of change in either notifications, hospitalisations, or deaths over the period 1988-1989 to 2001-2002 .
CONCLUSION
This analysis of hospitalisation and death data provides a more complete view of the evolving epidemiology of pertussis in NSW. There is evidence that improvements in immunisation coverage and changes to the immunisation schedule over the past five to seven years have had an effect on serious pertussis morbidity in the age groups with the highest immunisation coverage. In contrast, no significant reduction in the incidence of hospitalisation was found among babies too young to have received three doses of pertussis vaccine. This finding and the evidence of increased hospitalisation among adults suggest that adults are acting as a reservoir for disease transmission to infants. Further measures to control pertussis will need to focus both on reducing the burden of disease in adolescents and adults and on protecting infants too young to be immunised by current regimens.
